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Abstract
Background Complete resection of grade II gliomas might
prolong survival but is not always possible. The goal of the
study was to evaluate the location of unexpected grade II
gliomas remnants after assumed complete removal with
intraoperative (iop) MRI and to assess the reason for their
non-detection.
Methods Intraoperative MR images of 35 patients with
hemispheric grade II gliomas, acquired after assumed
complete removal of preoperatively segmented tumor/
tumor part, were studied for existence of unexpected tumor
remnants. Remnants location was classified in relation to
tumor cavity in axial and vertical planes. The relation of
remnants to retractor position and to surgeons’ visual axis,
and the role of neuronavigational accuracy and brain shift,
was assessed.
Results Unexpected remnants were found in 16 patients
(46%). In 29.2%, the reason was loss of neuronavigational
accuracy. In 21%, remnants were in that part of the
resection cavity, where the retractor had been placed
initially. In 17%, they were deeply located and hidden by
the retractor. In 13%, remnants were hidden by the
overlapping brain; and in 21%, the reason was not obvious.
In 75% of all temporomesial tumors, remnants were
posterolateral to the resection cavity. Remnants detection
with iopMRI and update of neuronavigational data allowed
further removal in 14 of 16 cases. In two cases, remnant
location precluded their removal.
Conclusions Distribution of tumor remnants of grade II
gliomas tends to follow some patterns. Targeted attention to
the areas of possible remnants could increase the radicality
of surgery, even if intraoperative imaging is not performed.
Keywords Tumor remnant . Grade II glioma .
Intraoperative MRI . Neuronavigation
Introduction
Growing evidence demonstrates that complete resection of
grade II gliomas might be associated with prolonged
survival [16, 19, 26]. Further, it may lead to alleviation of
symptoms, better control of tumor-related epilepsy, and
may postpone malignant transformation, with the resultant
limitation of patient survival [7]. The extent of resection,
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assessed with volumetric analysis, was found to be inversely
correlated with the likelihood of tumor recurrence, time to
recurrence, and tumor dignity at the time of recurrence [3, 28].
Shaw et al. [27] found that in case the residual tumor is
<1 cm, the 5-year recurrence rate was 26%; in case the
residual was 1–2 cm, the recurrence rate was 68%; and in
those with >2-cm residual, the rate was 89%.
The complete resection, however, is not possible in all
grade II gliomas due to the infiltration of highly eloquent
cortical and subcortical areas or blood vessels, or tumor
location in risky areas, such as the anterior perforated
substance [10]. In case of tumors that are considered
completely removable before surgery based on preoperative
functional imaging, intraoperatively it may be difficult to
discern the pathological from normal brain tissue [1]. Even
an extensive resection, including the surrounding normal
brain tissue, cannot always guarantee that the whole grade
II gliomas will be removed.
Various tools for intraoperative control, such as anatomical
and functional neuronavigation, ultrasound, intraoperative CT
or MRI, allow for improved visualization of the tumor and its
possible remnants. The most reliable one is the intraoperative
high-fieldMRI (iopMRI), which allows direct visualization of
tumor remnants and an update of neuronavigational dataset.
Thus, it compensates for the brain shift and makes additional
and safe tumor resection possible [14]. In a recently
published study, Nimsky et al. [22] showed that iopMRI
revealed complete tumor removal initially in just 20% of the
cases. In 41% of those cases, in which complete removal
was ultimately achieved, additional resections after the
imaging control have been performed. This technique,
however, is very expensive and logistically demanding,
which limits its wider application.
Some authors evaluated the preoperatively available
factors that might lead or predict an incomplete removal
[17, 31] but a systematic analysis of the intraoperative
reasons for such outcome has not been performed. In the
current study, we evaluated the three-dimensional location
of remnants of grade II gliomas after assumed complete
removal by the surgeon with a high-field strength iopMRI.
Our goal was to demonstrate the typical sites of remnants.
In case their distribution follows some patterns, this
knowledge could be of help to avoid incomplete resections
even when operating without iopMRI control.
Patients and methods
Patient population
During a 2-year period, from February 2007 to February
2009, 200 patients have been operated at the INI-Brain
Suite; 35 of them had hemispheric grade II gliomas. Twenty
four were males, nine female; the age ranged from 13 to
49 years and the mean age was 34.9 years. In all cases, the
goal of surgery was to achieve a targeted removal of the
tumor and preserve the surrounding normal brain tissue as
much as possible. Complete removal was defined as
removal of the whole tumor at the level of MRI
discrimination. In 18 cases (51%), complete removal was
considered possible before the surgery. In 17 cases (49%),
the tumor could be removed completely; in 11 without and
in six with additional resections after intraoperative
imaging control. Thirty-two of the patients (91%) did not
have any additional neurological deficit; two (6%) had a
temporary deficit that recovered over the hospital stay, and
only one patient (3%) had a permanent hemiparesis.
Study design
The data of the patients with hemispheric grade II gliomas,
including clinical history and presenting symptoms, tumor
characteristics, patient positioning, anesthesia, intraopera-
tive image acquisition and findings, as well as the
procedure-related morbidity and outcome, have been
collected prospectively in a standardized database. Before
each surgery, the surgeon estimated the tumor as completely
or incompletely resectable, based on the available structural
and functional imaging data. Manual segmentation of the
tumor outline was performed by using the navigation
software. During tumor removal, navigational control was
used to guide tumor resection. The extent of resection was
evaluated with navigation when the planned amount of tumor
removal was achieved and documented with screenshots. The
images, acquired after achieving the goals of surgery, have
been studied by three neurosurgeons for existence of tumor
remnants—an area around the resection cavity, visible on
iopMRI but not expected by the surgeon. Only those findings
have been included that have been proven histologically as
tumor. In case more than one remnant was found in a patient,
they were analyzed separately. These data were correlated to
the navigational screenshots. Remnant location was classified
in relation to the tumor cavity: in the vertical plane as
superficial, subcortical, and deep; and in the horizontal plane
as anterior, medial, posterior, and lateral. Further, the relation
of remnants to the retractor and to the visual axis of the
surgeon, as well as the role of navigational accuracy and brain
shift, were assessed. The possible reasonwhy the remnant was
not detected was then analyzed.
Operative setup
All cases have been operated at the INI Brain Suite,
equipped with a high-field open-bore 1.5-T MRI scanner
(MAGNETOM Espree, Siemens, Erlangen, Germany) and
an integrated neuronavigation system (Vector Vision Sky
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Navigation System, BrainLAB, Heimstetten, Germany).
The details regarding the setup, patient positioning,
transport system, and the head fixation device, with an
integrated MRI scan coil and reference markers for an
automated registration procedure for navigation, have been
described previously [11, 13]. In 32 cases, functional
neuronavigation was utilized: both DTI and fMRI were
used in 30 cases while only DTI was considered sufficient
in two cases. The first iopMR examination was performed
in general anaesthesia prior to skin incision and included a
standard imaging protocol for glioma surgery: T2-weighted
turbo spin echo, fluid attenuated inversion recovery, and
T1-weighted spin echo. Tumor remnants of grade II
gliomas were evaluated on both T1- and T2 weighted
sequences. In case of a suspected remnant, its margins have
been segmented and transferred into the updated navigation.
These data have been superimposed in the microscope image
onto the surface of the brain and/or the suspicious area was
localized using the pointer system. The remnant has been
removed and was sent for preliminary evaluation and for
definitive histological examination. A final imaging was done
for verification of the extent of definite tumor removal.
Results
In all cases, the intraoperatively acquired images were of
high quality. Unexpected remnants were found in 16
patients (46%; Table 1). The overall number of remnants
was 24 because more than one site of tumor remnants was
found in some patients (Table 2). In two patients, the
remnants (four remnants) involved highly eloquent structures
but in 14 (20 remnants) the tumor could be resected further.
Complete tumor removal after additional resection could be
achieved in six patients and incomplete in the remaining eight
patients. Intraoperative imaging demonstrated eight remnants
in the former and 16 initial remnants in the second group.
The evaluation of distribution patterns of the remnants
allowed categorizing them into four groups, groups I–IV
(Fig. 1):
& Group I: loss of accuracy of the navigational guidance
due to brain shift
& Group II: remnant under the retractor:
(a) superficial or subcortical located remnant
(b) deep located remnant
& Group III: hidden remnant by overlapping brain
& Group IV: not obvious reason
Most frequently—in seven cases (29%)—the remnants
were not detected due to loss of accuracy of the
navigational guidance as a result of brain shift (group I)—
Fig. 2. In five cases (21%), the remnant was in the
superficial or subcortical part of the resection cavity, where
the retractor had been placed initially; group IIa (Fig. 3).
Four patients had temporomesial grade II gliomas or tumors
that extended into that region. The goal of surgery in these
cases was to remove selectively the temporomesial part in
order to decompress adequately the brain stem and to
control the existing epilepsy. In three of them (75% of all
such tumors), the remnant was located posterolateral to the
resection cavity and in one (25%) it was superior to it
(Fig. 4). These deeply located remnants were also hidden
by the retractor (group IIb—16.7% of all remnants). In
three cases (13%) the small remnants were hidden by the
overlapping brain (Fig. 5)—group III, while in five cases
(21%), the reason was not obvious (group IV).
Remnants of tumors that were ultimately completely
removed were initially not detected due to their location
under the retractor (56%) or due to the brain shift (22%;
Table 1). Remnants of incompletely resectable tumors were
not detected most frequently because of loss of navigational
accuracy due to brain shift (38%).
Discussion
In the last decades, various treatment concepts of grade II
gliomas have been recommended [8, 24–27, 29]. Mounting
evidences demonstrate, however, that complete resection
may lead to prolonged survival, delayed recurrence, and
delayed malignant degeneration [2, 16, 26, 28]. The
beneficial effect of radical surgery seems to be directly
related to the quality of resection and the volume of
residual tumor left behind [7]. In a retrospective cohort
study of 170 patients with hemispheric low-grade gliomas,
Mc Girth et al. [19] showed that complete resection versus
subtotal resection was associated with prolonged survival.
The 5-year overall survival after complete removal, near-
total removal, and subtotal removal was 95%, 80%, and
70%, respectively, and the 10-year overall survival was
76%, 57%, and 49%, respectively. After complete removal,
near-total removal and subtotal removal, the median time to
tumor progression was 7.0, 4.0, and 3.5 years, respectively,
and the median time to malignant degeneration was 12.5,
5.8, and 7 years, respectively. Sanai and Berger [26]
reviewed all major clinical publications since 1990 on the
role of extent of resection for outcome and concluded that
despite persistent limitations in the quality of data,
extensive surgical resection is associated with longer life
expectancy for both low- and high-grade gliomas.
Moreover, some volumetric analysis suggest that the
survival is related to the amount of residual tumor tissue
and more aggressive resection does predict significant
improvement in survival compared with a simple debulking
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[15, 28]. Duffau et al. [10] also demonstrated that the death
rate was significantly lower in case of subtotal and total
glioma removal, in comparison with partial removal. If a
residual tumor is left, it may degenerate to more malignant
tumor and thus limit the survival of the patient [7].
Although many authors agree on the concept of maximal
safe tumor resection, the extent of resection may be limited
by the location of the glioma; it may involve or be in
dangerous proximity to highly eloquent cortical and
subcortical areas, to blood vessels, or to risky areas such
as anterior perforated substance [10, 21]. Thus, in our
experience only 51.4% of the grade II gliomas were
considered completely removable preoperatively. In such
cases, however, the extent of resection may be limited by
the difficulty to discern the pathological from normal brain
tissue during the surgery [1]. Even an extended resection
with removal of the surrounding “tumor-free” brain areas
cannot guarantee that all parts of the glioma will be
included because initially the tumor margins cannot be
identified with certainty.
Various intraoperative imaging tools have been intro-
duced recently that allow for more radical and safe
surgeries. They provide an objective estimation of the
surgical actions and thus overcome the dependence on the
subjective estimation of the surgeon [7]. The ALA
technique enables superior resections in malignant gliomas
compared to conventional microneurosurgery [30]. In case
of grade II gliomas, however, its role is rather limited.
Table. 2 Type of tumor remnants in completely and incompletely resectable tumors.
Groups Remnants in completely
removable grade II gliomas,%
(n=9)
Remnants in incompletely
removable grade II gliomas,%
(n=15)
Remnants in the
whole group,%,
(n=24)
I—Loss of accuracy of neuronavigation due to brain shift 22.2% [2] 33.3% [5] 29.2% [7]
II—Remnant under the retractor:
IIa: superficial or subcortical 22.2% [2] 20% [3] 20.8% [5]
IIb: deep 33.3% [3] 6.7% [1] 16.7% [4]
III—Hidden by overlapping brain 11.1% [1] 13.3% [2] 12.5% [3]
IV—No obvious reason 11.1% [1] 26.7% [4] 20.8% [5]
Table 1 Patients with remnants: characteristics of tumor type, number and location of the remnants
Patient Age Sex Tumor type Tumor location Number
of remnants
(n=24)
Type of remnant Radicality
of removal
New neurological
deficit
1 38 F Oligoastrocytoma Frontotemporal, insular 2 1—Deep under retractor Incomplete No
1—Hidden by overlapping brain
2 16 F Astrocytoma Postcentral 1 Loss of NN accuracy Incomplete No
3 40 M Oligoastrocytoma Temporal, insular 2 Superficial under retractor Incomplete No
4 19 F Astrocytoma Temporomesial 1 Deep under retractor Complete No
5 37 M Astrocytoma Temporomesial 2 1—Deep under retractor Complete No
1—No obvious reason
6 48 M Astrocytoma Temporomesial 1 Deep under retractor Complete No
7 24 M Astrocytoma Frontal 1 Loss of NN accuracy Incomplete No
8 37 M Astrocytoma Frontolateral 2 2—Superficial under retractor Complete No
9 40 M Oligodendroglioma Frontoparietotem-poral, insular 2 1—Loss of NN accuracy Incomplete Transient hemiparesis
1—No obvious reason
10 43 M Oligoastrocytoma Frontal 1 Hidden by overlapping brain Incomplete No
11 41 M Oligodendroglioma Frontal 1 Hidden by overlapping brain Complete No
12 23 M Oligodendroglioma Temporal 2 Loss of NN accuracy Complete No
13 35 M Astrocytoma Frontal 1 No obvious reason Incomplete No
14 37 M Oligodendroglioma Precentral 1 Superficial under retractor Incomplete No
15 44 M Astrocytoma Postcentral 2 2—Loss of NN accuracy Incomplete No
16 41 F Astrocytoma Precentral 2 2—No obvious reason Incomplete Hemiparesis
NN neuronavigation
In patients N# 15 and N# 16, the remnants involved highly eloquent structures and therefore no further resection was possible
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Similarly, the intraoperative CT has low soft tissue contrast
and overlying artifacts if applied for grade II gliomas [32].
Neuronavigation and functional neuronavigation systems
maximize the resection of all cerebral tumors but—due to
the phenomenon of brain shift—become inaccurate in the
course of surgery, unless an update of the preoperative data
is performed [5, 23]. The ultrasound, used in a 2D mode or
as 3D ultrasound-based neuronavigation, is a reliable tool
Fig. 1 Groups of remnants
location
Fig. 2 Group I. a T1-weighted
image of a relatively small
frontal subcortical glioma; b
microscopic view of the tumor
cavity after the assumed
complete tumor removal. The
surgeon did not follow the
tumor outlines presented by the
navigation because of the
expected effect of the brain shift.
However, an incorrect assump-
tion was made that the shift is
identical in the superficial and
deeper parts of the brain. A
remnant (R) was identified deep
and posterior to the resection
cavity (c); d complete tumor
removal. A small blood clot is
seen in the resection cavity. The
comparison with the preopera-
tive images showed that the
hyperintense areas around the
resection cavity are grey matter
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even in grade II gliomas and provides almost instant real-
time feedback information [33, 34]. Further, it is easier to
handle, less time consuming, and less costly than the
iopMRI. Its accuracy is highest in case of more confined
deeply located remnants but in case of more superficially
located remnants its role is more limited [13].
The high-field iopMRI is the current golden standard in
intraoperative imaging [6, 11, 14, 20]. It offers the greatest
range in cranial imaging with a quality that parallels those
of the diagnostic images. The iopMRI allows for detection
of even small tumor remnants and for compensation of the
brain shift by providing updates of the preoperative
anatomical and functional neuronavigational data [6, 11,
12, 18, 22]. Thus, more complete tumor removal can be
achieved. In a recent series of 49 patients with gliomas, the
iopMR imaging reveled residual tumor in 80%. In 19
patients, further resection could be performed and gross
total removal was achieved in 35%. Of these patients in
whom resection was complete, 41% underwent further
resection after iopMR imaging [20]. Furthermore, a
significant reduction in residual tumor volume was
demonstrated in those cases that could not be removed
completely: the residual tumor volume decreased from
26.5% to 11.6% in patients with intended partial
Fig. 4 In temporomesial tumors, the remnant is frequently found
posterolaterally to the resection cavity (Group IIb). a Preoperative
view of the tumor; b view after the assumed complete removal. The
remnant (R) is well visualized; c follow-up MRI 6 months after the
complete tumor removal. (Figures a and b are intraoperative images
and the head tilt is different from that on the follow up image c)
Fig. 3 Group II a: the patient is
positioned with the head straight
on the operating table. a
preoperative view of the tumor;
the remnant is located posterior
to the resection cavity, where
the brain retractor was placed
initially (b); c intraoperative
view, presenting the location
of the remnant (R remnant, F
falx, a anterior, p posterior); d
final MRI proving the complete
tumor removal
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resection. The iopMRI may increase the survival; Claus
et al. [9] evaluated 156 patients with grade II gliomas who
underwent surgery with iopMRI guidance. They showed
that the patients who underwent partial resection were at
1.4 times the risk of recurrence and 4.9 times the risk of
death as patients who underwent total resection. The
widespread utilization iopMRI, however, is limited by its
very high cost, more complex logistical setup, and
disturbance of the operative workflow.
Systematic evaluation of tumor remnants may give clues
how to achieve more radical surgeries. Manndonet et al.
[17] described the zones in which tumor residual is most
frequently found. Although the study was based on MR
imaging performed 3 months after surgery, the slow
progress of grade II gliomas justified this approach. The
authors found that remnants were most frequently close to
eloquent cortical or subcortical areas or involved risky
areas, such as anterior perforated substance and posterior
corpus callosum, e.g., those remnants could be predicted
due to their anatomical location. Talos et al. [31] examined
the variables for incomplete tumor resection in a series of
101 patients with grade II gliomas. Their analysis showed
that certain preoperatively available factors correlated with
the outcome: tumor volume, tumor type, tumor margin on
T2-weighted MRI, and involvement of eloquent areas.
In our study, however, we focused on those intra-
operative factors that influence the radicality of surgery
but cannot be predicted. We found unexpected remnants in
46% of the patients and demonstrated that their spatial
distribution follows some patterns. These patterns are not
related to the tumor type or size but rather on its 3D
location and its relation to surrounding brain structures. The
avoidance of neurological deficits has been always of
paramount importance and—expectedly—the remnants
expected by the surgeon were most frequently left due to
their proximity to highly eloquent brain areas: motor cortex,
speech areas, or major fiber tracts. The neuronavigational
guidance becomes inaccurate during tumor removal and the
surgeon tends to leave a sufficient safety margin to the
essential structures.
During surgery, varying amount of brain shift develops
resulting from brain deformation caused by patient posi-
tioning or use of brain retractors, loss of cerebrospinal fluid,
and tumor debulking. These changes could be predicted at
least to some extent and the surgeon can modify his
technique accordingly. The expected effect of the brain
shift, however, was found to be often overestimated. In our
study, we found that inaccuracy of navigation due to brain
shift was the most frequent reason for leaving remnants
after assumed by the surgeon complete removal—in 36.8%
of all cases. The plasticity of the brain is heterogeneous and
the brain shift is more pronounced in the superficial parts of
the resection cavity—it collapses more than the deeper part
(Fig. 1). Unless an intraoperative update is performed, the
amount and direction of the shift cannot be predicted, and
such remnants (group I of our classification) cannot be
removed.
Lessons learned
In 21% of our cases, the remnant was found in the posterior
part of the resection cavity, towards the surgeon, where the
retractor had been placed initially. Even though the retractor
was later shifted and the area beneath it is inspected, the
observed changes were assumed falsely to be retractor
related. In 13%, a small residual was not identified because
it was hidden by the overlapping brain. The use of a
retractor should be, therefore, avoided whenever possible.
In case of deeply located tumors, which cannot be accessed
without its support, a focused attention to the areas of
retraction, as well as the systematic inspection of all parts of
the resection cavity for remaining tumor tissue, may
increase the radicality of surgery. Surgical resection of
temporomesial tumors or of the temporomesial part of more
extensive gliomas in order to control epilepsy or decom-
press the cerebral peduncle is relatively common procedure
[4]. Their anterior and posteromedial parts can be removed
completely and the extent of resection could be reliably
guided by the existing anatomical landmarks. In this study,
we found that remnants of such tumors were located
Fig. 5 Group III: this small
remnant, which is outlined on
the figures, has not been seen
during the surgery due to poor
visualization of this portion of
the resection cavity—it has been
partially hidden by the overlap-
ping gyrus. Fig. 4a: neuronavi-
gation screenshot (a anterior, b
posterior); Fig. 4b: intraopera-
tive microscopic view with
superimposed outlines of the
residual tumor
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typically posterolateral to the resection cavity—in 75% of
these cases. Knowledge of these three groups and a targeted
attention to the corresponding brain areas, may lead to more
radical removal even without intraoperative imaging control.
In case of superficial tumors, the use of retractor should be
avoided; however, in deep-seated tumors this is essential. In
cases retractor has to be used, the areas bellow it should be
inspected thoroughly. Ideally, it should be always placed at the
resection border between the tumor and the normal brain, if it
can be determined at all.
Conclusion
Distribution of tumor remnants of grade II gliomas tends to
follow some patterns. The remnants were not detected due
to loss of accuracy of the navigational guidance or were
hidden by the retractor or overlying cortex. Targeted
attention to these areas could increase the radicality of
surgery even if intraoperative imaging is not performed.
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